Proteins of the poly(ADP-ribose) polymerase (PARP) family modify target proteins by 21 covalent attachment of ADP-ribose moieties onto amino acid side chains. In 22 Arabidopsis, PARP proteins contribute to repair of DNA lesions and modulate plant 23 responses to various abiotic and biotic stressors. Arabidopsis PARP1 and PARP2 are 24 2
Introduction 38
The post-translational modification of proteins is an important component of plant 39 responses to changes in their environment. Post-translational modifications (PTMs) are 40 often rapid and reversible processes that allow plants to fine-tune the speed and 41 duration of stress-induced signaling. Numerous PTMs have been described in plants 48 and pK7FWG2. The other GFP-tagged importin- plant expression constructs have 145 been described previously (Wirthmueller et al., 2015) .
147
To generate the E.coli expression construct for IBB IMPORTIN-2 [lacking the auto-148 inhibitory importin--binding (IBB) domain], a cDNA fragment coding for amino acids 75- 149 535 was amplified and cloned into KpnI/HindIII-linearized pOPINF (Berrow et al., 2007) 150 via Gibson assembly. The E. coli PARP2 SAP (amino acids 1-105) expression construct 151 was generated following the same strategy but using pOPINS3C (Bird, 2011) as 152 expression plasmid. For production of -GFP affinity beads, the coding sequence of an 153 -GFP nanobody (Addgene plasmid #49172; Kubala et al., 2010) was fused in frame 154 with a Gly-Gly-Ser-Gly-Ser linker and the Halo tag from plasmid pGW-nHalo (Peterson 155 and Kwon, 2012) into pOPINE (Berrow et al., 2007) via Gibson assembly. See Table S1 156 for oligo nucleotides and cloning methods. Agrobacterium tumefaciens strain GV3101::pMP90. Agrobacteria were plated on YEB 161 medium with appropriate antibiotics and incubated for 3 days at 28 °C. On the day of 162 infiltration, the cells were resuspended in infiltration medium (10 mM MES pH 5.6, 10 163 mM MgCl2) and the OD600 was adjusted to 0.8. To suppress transgene silencing 164 Agrobacteria expressing the tomato bushy stunt virus 19K silencing suppressor were co-165 infiltrated. The culture of the 19K strain was adjusted to an OD600 of 6.0. After adding 166 Acetosyringone to a final concentration of 100 M the bacteria were incubated for 2 h at was expressed from pOPINF in SoluBL21 cells (Genlantis). All cultures were grown to 204 an OD600 of 1 to 1.2 at 37 °C, then shifted to 18 °C and expression was induced by 205 addition of 0.5 mM IPTG. After 16-18 h the bacteria were harvested by centrifugation 206 (5000 x g, 12 min.). His6-tagged proteins were purified using a combination of 207 immobilized metal ion affinity chromatography and size exclusion chromatography. To 208 this end, the cell pellets were resuspended in 50 mM Tris, 300 mM NaCl, 50 mM 209 Glycine, 20 mM Imidazole, 5% Glycerol, pH 8.0 at a ratio of 20 ml per initial litre of 210 culture volume. Bacterial lysis was achieved by incubation with Lysozyme (20 min., RT) 211 followed by sonication (2 times 2 min. at level 4 on a Branson Sonifier 150). The cell 212 extract was cleared from debris and insoluble proteins by centrifugation (30000 x g, 4 213 ºC, 20 min) and the supernatant was loaded onto pre-equilibrated Ni 2+ -immobilized 214 metal ion affinity chromatography columns (His-Trap HP 5 ml, GE Healthcare). After washing out unbound proteins, His6-tagged proteins were eluted with 50 mM Tris, 300   216   mM NaCl, 50 mM Glycine, 250 mM Imidazole, 
Results

247
PARP2 interacts with several importin- proteins 248 We expressed PARP2:RFP in epidermal N. benthamiana cells and confirmed that the 249 fusion protein localized to the nucleus (Fig. 1a ). In contrast, free RFP showed a nucleo- showed no interaction with YFP that we used as negative control ( Fig. 1b; Fig. S1 ).
262
Compared to the previously characterized interaction between IMPORTIN-2 and the 263 oomycete effector protein HaRxL106 (Wirthmueller et al., 2015), PARP2:RFP showed 264 relatively weak binding to importin-proteins ( Fig. 1b; Fig. S1 ).
266
A nuclear localization sequence located between the PARP2 SAP domains is 267 sufficient and required for nuclear import 268 To map sequences of PARP2 that are required for nuclear import we generated 269 truncated variants of the protein and expressed these as GFP fusions in N. 270 benthamiana. Based on the predicted domain structure of PARP2 ( Fig. 2a ), we initially 271 split the protein between the WGR domain and the protein regulatory domain (PRD). where we observed a residual RFP signal from the nucleus the fluorescence was 301 stronger at the nuclear envelope ( Fig. 3b ). Therefore amino acids 48-51 are essential for 302 nuclear import of PARP2 and, based on the cytoplasmic localization of the NLS mutant 303 variants, it appears unlikely that PARP2 two has other strong nuclear targeting To test whether nuclear import of PARP2 correlates with binding to importin-, we 307 performed co-immunoprecipitation experiments between IMPORTIN-2 and mutated variants of the isolated SAP domains and full-length PARP2. As shown in Fig. 3c , 309 mutation of the KRKR motif resulted in weaker or non-detectable binding of the SAP 310 domains to IMPORTIN-2 (see Fig. S2 for data from two additional independent 311 experiments). Likewise, PARP2 variants with mutations of the KRKR motif showed 312 quantitatively reduced or no detectable binding to IMPORTIN-2 ( Fig. 3d; Fig. S3 ).
313
Overall, we observed a correlation between the strength of IMPORTIN-2 binding and interactions with other importin- isoforms ( Fig. 1b; Fig. S1 ). This is consistent with The NLS that we identified here is located between the two predicted SAP domains of 369 PARP2. The location of the NLS in a short stretch of amino acids with no predicted 370 secondary structure is consistent with the finding that NLS are often located in However, in all of these cases an Arg is present five amino acids downstream of the 378 polar amino acid/Gly suggesting that in these sequences the cluster of basic amino 379 acids is slightly shifted. Therefore, a cluster of basic amino acids that could mediate 380 binding to importin- is conserved in PARP2 homologs. Notably, also the nuclear 381 targeting signal for mouse PARP2 is located in its N-terminal DNA-binding domain and 382 two Lysine residues that are critical for nuclear import are modified by acetylation We noticed that in direct comparison to the interaction between IMPORTIN-2 and the 386 oomycete effector protein HaRxL106, PARP2 showed a comparably weak association 387 with IMPORTIN-2 as well as other importin- isoforms (Fig. 1b ). This is also consistent 388 with no detectable interaction between the SAP domains and IMPORTIN-2 by size 389 exclusion chromatography (Fig. 4) . The reported dissociation constants between NLS between PARP2 and importin- is sufficient for nuclear import in plant cells (Fig. 1a) . 395 Regarding the results with recombinantly expressed proteins, PTMs of amino acids 396 within or adjacent to NLS can alter the affinity for importin- and it is possible that such In summary, our data suggest that Arabidopsis PARP2 is actively transported into the 402 nucleus via importin--mediated transport. An NLS comprising -but possibly not limited 403 to -amino acids 48-51 contributes to importin- binding and is essential for PARP2 404 nuclear import. Table S1 . Oligo nucleotides used in this work. 
